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[57] ABSTRACT 

A method of fabrication of porous metal structures as 
applicable to the manufacture of supports for elec- 
trodes, catalysts, filters or sound insulators. A porous 
structure is fabricated from a support consisting of a 
felt, a woven or reticulated structure in accordance 
with the following steps: 

(a) initial metallization of the support; 

(b) chemical and/or electrochemical metallization if so 
required; 

(c) removal of the support if necessary. 

The distinctive feature of the invention lies in the fact 
that the initial metallization step consists of metalliza- 
tion in vacuum. 

5 Claims, No Drawings 
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chemical generators. This specification describes a 

POROUS METAL STRUCTURE AND METHOD OF method for obtaining structures of the same category as 
MANUFACTURING OF SAID STRUCTURE those of the present invention and their applications. 

The methods described in said French patent applica- 
This is a continuation of Ser. No. 078,055, filed 5 tion No. FR 79 17540 prove satisfactory in regard to the 
7/27/87, now abandoned, which is a continuation of results achieved but do not remove the disadvantages 
U.S. Ser. No. 693,04O r filed 1/22/85, now abandoned. which have already been mentioned and which arise at 

BACKGROUND OF THE INVENTION mdustrial development stage except in the event of 

particularly stringent inspection testing. 

1. Field of the Invention 10 Finally, from a general standpoint, it is always desir- 
This invention generally relates to the field of manu- a bl e to endeavor to reduce the costs of existing methods 

facture of porous metal structures. and to make them even easier to carry into practical 

The invention is more particularly directed to the effect; these are two of the advantages obtained by 

field of manufacture of porous metal structures for the means D f ^ present invention. 

purpose of applications such as supports for electrodes, 15 

catalysts, filters, sound insulators or the like. SUMMARY OF THE INVENTION 

2. Description of the Prior Art Tliis mvention has for its object a new and novel 
Methods have already been proposed for the manu- mcthod 0 f fabrication of porous metal structures, espe- 

facture of metallic structares having a ceUuW or fi- ciail reticulated or fibrous structures which permit 

brous character and employed m the electrochemical 20 shorter production times with a higher degree ofreli- 

industry. ability 

The structures considered are of the porous or highly ^ method of manufacture a app i icable to sports 

porous type and are provided in the form of a three-di* «. . . - t ± ^ yy Fl ^ L 

p . **T ~p * i u • u j _c 7 i-l. r constituted by reticulated or woven structures, or by 

mensional lattice network which defines a plurality of f . tc . — Jk~i ;„,„o„^ tKa f ... _ 1 

4« r,«;- Q ^r.« ™n, M -i. /*w « felts. The method involves the following steps: 

spaces in communication witii each other. 25 (a) metalliMtion of ^ suppor f 

These porous supports which it is desired to metallize w uuwu m™ UOB wmiu suppgn, 

or put maconductive state are often fabricated from a <» chem ^ ± and/or ^trochemical metallization if 

synthetic or artificial porous material which is then , ?° ret ^ mr , ^ . . , , 

made conductive, for example by means of a chemical ^J^A ^V"^ ^"^f^ « d 

surface treatment 30 being distinguished by the fact that said metalhza- 

In consequence, the initial structure is constituted by * on v ste P « of metallization in vacuum, 

said porous support, which can be an agglomerate of Metallization m vacuum can be earned out by any 
fibers whether in an ordered state or not and consisting, method ^ own at &c P resent time for other applica- 
for example, of a felt, a woven fabric or a reticulated tions ' 311(1 m P articular b V cathode sputtering, gaseous 
structure. 35 diffusion or ionic deposition. 

When a reticulated , structure is employed, and in ^ techniques of vacuum metallization which have 
order to obtain at the outset an open-pore structure or in ^en applied up to the present time only to flat or sub- 
other words a structure in which the cells can commu- stantially flat surfaces are well-known to those skilled in 
nicate with each other, a processing step known as the art and have been extensively described in the litera- 
"uncapping" is performed with sodium hydroxide, for 40 ture. These techniques will therefore not be considered 
example, in detail hereinafter. 

The structure thus obtained can then be coated, for Likewise the methods of chemical and electrochemi- 
example, with a conductive or partially conductive ^ metallization which form part of state-of-the-art 
material by chemical or electrochemical process. Meth- techniques will not be described below, 
ods have thus been proposed for depositing a metal by 45 As has been mentioned in the foregoing, the method 
reduction of ammoniacal silver nitrate in situ. m accordance with the invention can comprise in step 

After this step, provision can be made in certain cases 0>) a second metallization which can be performed by 
for a second metal coating deposited by chemical and- , chemical and/or electrochemical process, 
/or electrochemical process. On completion of these The advisability of choice between one processing 
two steps, the initial support can then be removed and SO route or the other or of a combination of both routes 
the metal may be annealed if necessary. will be determined by those versed in the art according 

It has been generally considered that these methods to the ultimate objectives to be achieved or in other 
could give rise to major practical difficulties at the words will depend on the intended characteristics of the 
industrial development stage. porous structure in the final state as well as the metal or 

These difficulties are essentially related to the com- 55 metals with which it is desired to coat the structure, 
plexity of the operating cycles which are involved and As a general rule, a metallization by electrochemical 
to the large number of liquid-phase treatments carried process is carried out within the scope of step (b) but it 
out successively (processing steps which involve uncap- is possible to carry out a preliminary metallization by 
ping, sensitization, chemical and electrochemical metal- chemical process in order to increase the conductivity 
Uzations), thus entailing the risk of pollution of baths 60 of the support after it has been subjected to vacuum 
with respect to each other and defects of reproducibil- metallization. 

ity. ' After the metallization step or steps, the material 

For further details, reference can be made to French constituting the initial support can be removed, for 
patent application No. FR 70 22469 filed on June 18th, example by heat treatment. This removal permits a 
1970. Those versed in the art can also refer to French 65 reduction in weight of the structure and is also condu- 
patent application No. FR 79 17540 assigned to the cive to an increase in porosity and developed surface 
same assignee as the present application and relating to area of said structure, thus constituting an additional 
electrode supports and their applications for electro- advantage. 
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It is possible to carry out an ultimate annealing step in 
the usual m?""er when the basic support has been re- 
moved in order to endow the metallic structure with . 
enhanced mechanical properties. 

When the basic structure employed is of the cellular 5 
type or porous type, a so-called "uncapping" operation 
has to be performed prior to the vacuum metallization 
step (a) in order to meet the requirements of the main 
applications contemplated by the invention. This un- 
capping operation consists in opening the pores in order 10 
to obtain a reticulated structure. Within the scope of the 
present patent Application, a reticulated structure is 
understood to refer to a structure having a high degree 
of porosity or a large open-pore volume in which the 



It should be explained that the term "metal" as used 
in this specification is also intended to designate alloys 
of two or more metals. 

As wOl readily be apparent, the metal deposited by 
electrochemical and/or chemical process in step (b) can 
be identical with or different from the metal deposited 
during the vacuum metallization step (a). In this case 
also, it is not possible to given an exhaustive enumera- 
tion of these metals. 

It will be noted that, when the metal employed for 
the second metal deposition process (step b) is different 
from the metal of the first deposition process (step a), 
the aimwiling step can offer an additional advantage in 
comparison with the known modifications of mechani- 



m^hes of the lattice network commumcate^with each 15 ^ properties of metals. This advantage lies in interdif- 
1 " ' " ~* 1 "* " ~ ~" J L1 " fusion of the deposited metals, which can finally result 

in the formation of an alloy. In some applications, the 
formation of an alloy of this type in situ can constitute 
a substantial advantage. 

As a general rule, the vacuum metallization operation 
is stopped when the metal coating which is limited to 
the apparent surface of the support attains a thickness 
within the approximate range of 0.05 micron to 1 mi- 
cron or more. Thicknesses of the order of 1/10 of a 



other completely or at least to a very considerable ex- 
tent. 

When an uncapping step is performed, this treatment 
can be carried out by means of an aqueous sodium hy- 
droxide or potassium hydroxide solution or any other 20 
similar agent which has the effect of opening the cellu- 
lar structure. 

The material constituting the basic reticulated sup- 
port, namely felt or fabric, can be either a natural, syn- 



thetic or mineral substance and especially a polymer 25 ™ f ™ U1C u » " 

snr* «. for ™™u nnlv^r. r^WniH, SSL micron have been considered as particularly suitable. 



such as, for example, polyester, polyamide, polyure- 
thane, polyether, a resin and, in the case of fibrous struc- 
tures, glass fibers, rock or carbon fibers, natural fibers, 
wool, cotton or the like, this list being in no way in- 
tended to imply any limitation. 

It will be readily apparent that the polymer or any 
other non-conductive material employed can contain 
additional filler materials which make the basic struc- 
ture conductive. One example of a suitable filler mate- 
rial is carbon. 

It has been mentioned in the foregoing description 
that the basic structure was porous.- The term "porous" 
is understood to mean that this structure has a specific 
surface area which is larger, and even considerably 



30 



It will be noted that an advantage arising from the 
execution of a vacuum metallization step lies in the fact 
that the materials and more particularly the polymers 
employed for forming the basic structure are not liable 
to be attacked by more or less corrosive chemical baths. 

A second advantage is that this technique makes it 
possible to circumvent or reduce the problems of reten- 
tion of treatment baths in the structure, thus making it 
35 possible to reduce or suppress the successive pollution 
of chemical and electrochemical baths. 

It must be emphasized mat* up to the present time, 
vacuum metallization techniques appeared to those 
versed in the art as being inapplicable to complex struc- 



larger, than its apparent surface area. For certain appli- 40 tures and more particularly to porous structures for the 
cations, this structure has an open-pore volume higher purpose of obtaining a continuous deposit The inven- 
than 80% and even higher than 90%, and in some cases ^on has overcome this prejudice and has permitted the 
of the order of 95 to 98%. realization of a new and novel method which achieves 

The initial structure is provided in the form of apiece a higher performance and results in the formation of 
of felt or fabric having any desired shape and dimen- 45 products having improved characteristics, 
sions. When a reticulated structure is employed, this 1° Q"ter to carry out metal deposition in vacuum, the 
latter can consist for example of a foam or a sponge in parts to be coated are preferably placed on a rotary 
which the pores or cells have been opened. support of the carousel type, more particularly a carou- 

During the vacuum metallization step, the structure haying two rotations and providing access to the 

to be coated is preferably mounted on a rotary device of 50 source of metal in all positions and at all angles of incli- 



the carousel type in order to present each face of said 
structure towards the metal source. This device can also 
possess additional degrees of freedom in order to permit 
the possibility of inclining the support if this should 
prove necessary. 

The metal employed in the vacuum metallization step 
(a) can generally consist of any metal or alloy which is 
suited for use within the field of application of this 
technique and especially in methods of cathode sputter- 
ing, gaseous diffusion or ionic deposition. 

It will be understood that no exhaustive list can be 
given. By way of illustration, however, the following 
metals can be mentioned: platinum and platinum-base 
alloys, nickel, chromium, iron, copper, gold, silver, tin, 



nation. 

It will be clearly apparent that the invention is not 
only concerned with the method of manufacture but 
also with the metallic structures obtained by means of 
55 this method as well as the applications of these latter, 
especially such applications as electrode supports, sup- 
ports for catalysts, for filters, sound insulators or the 
like. 

In fact, the structures in accordance with the inven- 
60 tion can be employed in all applications in which it is 
necessary to provide a porous or even in a very highly 
porous structure having in addition conductive proper- 
ties (conduction of electricity, heat or sound), or partic- 



ular mechanical, chemical or physical properties corre- 
aluminum, titanium, zinc and so on. In regard to the 65 sponding to those offered by products in accordance 
alloys, the following can be mentioned: brass, bronze, with the invention. 

Monel, ferro-chromium alloys or a combination of these Among these numerous applications, the following 
metals or alloys. can be mentioned by way of illustration: 
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supports for the fabrication of electrodes for storage EXAMPLE 3 

batteries or dry cell battery units, especially elec- _ . . . _ ^ . 

J , . . . , , * - t j- a There is employed a polyether foam havmg a thick- 

trodes formed of nickel, cadmium, lead, iron or the nessof 3 mm, r m kdia^r of 0.6imii and? connec- 

like as well as electrodes for fuel cells; 5 tive-strip thickness of 45 microns, 

supports for catalysts* for example for industrial An uncapping operation is first performed by im- 

chemical reactions, especially in cracking plants or mersing the foam in a 6N potassium solution at a tem- 

the like, or for recombination reaction of gases of perature of 50* C during a period of 10 minutes. 

mternalcombusnonenginesmacxordancewiththe , n ^ foam is rinsed with water and dried 

. io A copper-plating operation is carried out by gaseous 

new and-pollution regulations; clii&sion durmg a peric4 of 8 minutes, 

sound insulation: in this case the structure in accor- The coating of copper limited to the apparent surface 

dance with the invention can be filled with material has a thickness of 0.5 micron. 

having good sound-insulating characteristics and- An electrochemical nickel-plating operation is then 

/or formed of a suitable metal or alloy. 15 carried out in a Watt bath at 8 A/dm* during a period of 

It will naturally.be understood that this list cannot be ™£^£n g ^ 0 f the three structures obtained in the 

considered as implying any limitation. three examples described in the foregoing, it has been 

The following examples are given by way of illustra- possible to fabricate electrodes, especially of cadmium 

a'on without limiting the scope of the invention in any 20 and of nickel, which have proved to possess outstanding 

sense whatsoever. properties. 

It should be clearly understood that the invention 

EXAMPLE 1 cannot be considered as being limited to the specific 

. . . . r . . . . examples of execution which have been given and that 

There is employed an element of polyurethane foam 25 othe / fonns of execution could be devised by those 

having a thickness of 1.5 mm, a width of mesh of 0.5 mm versed in the art without thereby departing from the 

and a connective-strip thickness of 40 microns. scope or the spirit of the invention. 

The first operation consists of opening the porous What is claimed is: 

structure ("uncapping") by immersing the polyurethane *• A method of fabrication of a metallized porous 

structure in a 6N potassium solution at a temperature of 30 J™*^ from an organic porous support having a 

eA , . . three-dimensional lattice network with an open pore 

50 Cover a period of 15 minutes, volume higher than 80% which defines a plurality of 

The structure is rmsed with water and then dried- pores substantially in communication with each other, 

The next step consists in forming a coating of copper which comprises the step of premetallizing said support 

by cathode sputtering during a period of 2 minutes. 35 under vacuo by cathode sputtering with a metal or alloy 

The thickness of deposited copper limits to the ap- which is a member selected from the group consisting 

parent surface of the coated structure is 0.04 micron. of P btmum - P^f-base alloys, nickel, chromium, 

~ . „ . . ... iron, copper, gold, silver, tin, aluminum, titanium, zinc. 

The following operation consists of copper-plating m bras8t bronze, a ferrochromhim alloy and a mixture 

a bath of the usual type during a period of 10 minutes. 40 thereof, thereby depositing on said support a continuous 

Finally, an electrochemical nickel-plating operation layer of 0.05 micron to 1 micron of said metal or alloy 

is performed in a Watt bath at a current intensity of 8 and then applying at least one metal layer of copper or 

A/dm* during a period of 45 minutes. ^ckel by a chemical or electrochemical process. 

2. The method according to claim 1 wherein prior to 

EXAMPLE 2 45 the step of premetallizing, the pores of said support 

, . . , have been opened by an uncapping operation. 

There is employed a felt of polyether havmg a thick- 3 ^ method according to claim 1 wherein in said 

ness of 2 mm, the diameter of the fibers being 40 mi- premetallizing step a layer of copper, nickel or brass is 

crons and the surface density being 5 mg/cm 2 . deposited. 

Deposition of brass is performed by cathode sputter- 50 4. The method according to claim 1 wherein the 

ing, the felt being exposed during a period of 5 minutes. support is made of a synthetic polymer which is a poly- 

. The mean thickness of metal limited to the apparent es f ' a P ^ de > * P 0 ^ ethane ° r a 

. KK 5. An electrode support for a nickel, cadmium, iron or 

surface is 0.1 micron. lead electrode made of the metallized porous structure 

Chemical copper-plating is then carried out in a com- 55 produced by the method of claim 1. 

mercial bath during a period of 50 minutes. ***** 
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